The location of LH-RH producing neurons, the pathways and terminal distribution of their fibers in the newt, Cynops pyrrhogaster were studied immunohistochemically.
Summary.
The location of LH-RH producing neurons, the pathways and terminal distribution of their fibers in the newt, Cynops pyrrhogaster were studied immunohistochemically.
The LH-RH positive perikarya are located in the nucleus of the diagonal band of Broca and the medial septal nucleus.
No LH-RH immunoreactive neuronal perikarya could be detected in the diencephalon.
The pathways of fibers originating from the LH-RH reactive neurons were classified into three groups: the first project to the median eminence, the second to the olfactory bulb and the third to the habenular nucleus. The latter two pathways are extrahypothalamic, similar to those in mammals. These observations are briefly discussed and compared with those in other amphibian and mammalian species.
The availability of synthetic luteinizing hormone-releasing hormone (LH-RH) and progress in immunohistochemical techniques have led to verification of LH-RH neurons and their terminals within the central nervous system of several mammalian vertebrates, immunofluorescence neuron fibers and terminals with positive immunoreactivity to antisera to synthetic LH-RH have also been observed in the telencephalon and diencephalon, including the median eminence of birds and frogs (SHARP et al., et al., 1976) . However, there has been no report of the LH-RH neuron system in the brain of the newt (Urodela) whose brain is more primitive than that of the frog (Anura). The aim of the present study is to clarify the distribution of LH-RH in the brain of the newt by immunohistochemical procedures and amphibian and mammalian features are then compared.
MATERIALS AND METHOD
Ten adult male newts (Cynops pyrrhogaster) caught in early spring were decapitated. The brains were dissected out and fixed in Bouin's solution. Dehydration and embedding in paraffin were done as usual. Frontal and parasagittal serial sections of on one glass slide. After deparaffinization, sections were treated with peroxidaseantiperoxidase (PAP) according to the method of STERNBERGER et al. (1970) . After treated with anti-rabbit IgG solution (dilution: 1/100) for an additional 30min at immersed for 20min in 3, 3'-diaminobenzidine substrate solution with H2O2. Between each of these steps they were washed with PBS. After final washing with PBS they were mounted in balsam and examined by light microscopy.
The specificity of anti-LH-RH was established in a previous investigation by IBATA et al. (1978) . For the control, the sections on the slide were treated with anti-LH-RH absorbed by synthetic LH-RH. No immunoreactive products were observed in any part of the control sections.
RESULTS

LH-RH reactive materials
were visible as brown granular deposits.
In the neuronal perikarya with positive immunoreaction these deposits appeared as homogenously distributed fine granules throughout the cytoplasm, while their neuronal processes and terminals were detected as dark brown strings of beads or dots.
Location of LH-RH cell somata LH-RH positive neurons apparently are small cells whose axons or dendrites were difficult to confirm. They were located in restricted parts of the telencephalon; both in the nucleus of the diagonal band of Broca (DBB) and the medial septal nu- cleus (MSN) (Fig. 1a, b ). In the DBB they were situated along the bottom of the brain in a rostro-lateral to caudomedial direction (Fig. 4) . In the MSN, on the other hand, they were disposed along the longitudinal fissure of the telencephalon in a dorso-ventral direction. They also were spread in a rostrocaudal direction over a relatively long distance (Fig. 4 ). They were, however, completely distant from the anterior border of the preoptic recessus, the limit of the telencephalon and diencephalon.
In both nuclei they also showed continuous arrangement from the DBB to the MSN, although the ratio of the neurons with LH-RH immunoreactivity to all the neurons contained in both nuclei was considered to be quite small.
Pathways and terminals of LH-RH neurons
The major pathways of the LH-RH neurons whose perikarya were located in the DBB and the MSN were classified into three groups from reconstruction of serial sagittal sections. The first group of fibers originating mainly from the perikarya in the MSN ran as a converging bundle of fibers towards the optic chiasma, then emanated laterally over the optic chiasma (Fig. 2a) and reconverged as vertically thin and horizontally broad bundles in which some of the fibers from both sides crossed and projected to the median eminence. Their terminals were sparse in the rostral median eminence but large numbers of immunoreactive deposits were found in the central median eminence especially in the median and paramedian parts of the external layer (Fig. 2b, c) . Some of them passed through the internal layer of the median eminence and terminated in the posterior pituitary.
A few of the fibers diverged from the main pathway just caudal to the optic chiasma and ran However, it was difficult to trace these fibers to the terminal portions.
The second group of fibers arising mainly from LH-RH immunoreactive neurons in the DBB ran rostro-laterally at the bottom of the brain and then turned in a rostrodorsal direction through the lateral margin of the telencephalon and entered the olfactory bulb. Their nerve endings were conspicuously detected as tiny brown varicosities or dots in the olfactory glomerulus (Fig. 3a) .
The third group of fibers arising mainly from LH-RH immunoreactive neurons in the MSN ran dorso-caudally above the thalamus in the median line and entered the habenular nucleus. The nerve terminals which appeared as brown dots were abundant in the caudal part of this nucleus (Fig. 3b) . Some of these fibers were considered to project further to the epiphysis through the habenular commissure. The location, pathways and terminals of LH-RH neurons were schematically summarized in Figure 4 .
DISCUSSION
The present study demonstrated that in the newt, neurons immunoreactive to anti-LH-RH were situated in restricted areas of the DBB and MSN. The previous studies in some species of the frog brain demonstrated a relatively wide distribution of LH-RH neurons throughout the telencephalon and diencephalon (DOERR-SCHOTT and DUBOIS, 1976; ALPERT et al., 1976; GOOS et al., 1976) . In the Rana esculenta, LH-RH neurons are localized in the region in front of the preoptic recess (GOOS et al., 1976) , in the Xenopus laevis they are distributed in a broad area from the telencephalon to the diencephalon (DOERR-SCHOTT and DUBOIS, 1976) . Only in the Rana pipiens are they localized in the medial septal nucleus where LH-RH neurons were demonstrated in the newt in the present investigation.
Therefore, LH-RH neurons in the newt are considered to be located more rostrally and in a narrower region than in the frog. Whether this difference with respect to their location is due to species difference, in brain construction, or to the anti-sera employed is unclear, since even in mammals conflicting conclusions have been drawn by different authors concerning the location of the perikarya of LH-RH neurons (BARRY et al., 1973;  the suprachiasmatic nucleus, others in the arcuate nucleus. Some investigators insist that the LH-RH neurons are located in both the preoptic area and in the arcuate nucleus, but that their neuronal projections are different from each other SILVERMAN and KREY, 1978) . The centers involved in the control of the gonadotropic function in the amphibian have still not been clarified, although the regions such as magnocellular preoptic nucleus, the pars ventralis of the tuber cinereum and the ventral infundibular thalamic area of mammals.
However in the present study we could not detect LH-RH cell somata projecting to the median eminence in this area.
The projection of the LH-RH neuron system in the newt was divided into three parts, although in the frog brain only one projection to the median eminence has been proved. The extrahypothalamic projection of the LH-RH neurons other than the projections to the median eminence has been demonstrated even in mammalian
One of the extrahypothalamic projection of the newt in the present study seems to be quite similar to that in mammals where LH-RH neurons in the septal area project to the habenular nucleus (BARRY, 1978; SILVERMAN and KREY, 1978) . Another extrahypothalamic projection to the olfactory bulb has not been clarified in mammals. The role of the extrahypothalamic projection of LH-RH neurons is uncertain. LH-RH in such nerve endings in the extrahypothalamic area may act as a neurotransmitter or neuromodulator rather than as the neural hormone.
We wonder why the extrahypothalamic projection of LH-RH neurons has not been found in the frog brain which is evolutionally a more advanced form than that of the newt.
The pathway of LH-RH neurons projecting to the median eminence in the newt corresponds to that in the frog and in mammals (DOERR-SCHOTT and DUBOIS, 1976;  ever, their terminal distribution in the median eminence seems to be considerably different from that in mammals.
In the newt the most remarkable and predominant distribution is seen in the median and paramedian parts of the external layer of the central median eminence, while in mammals the lateral part of the external layer of the central median eminence contains the largest amount of LH-RH immunoreactive
